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SWITCHING APPARATUS FOR SWITCHED
NETWORK OF ASYNCHRONOUS TRANSFER
MODE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a switching appara-
tus for a switched network of the asynchronous transfer
mode (ATM). The switching apparatus according to
the present invention is used for high speed transmission
of data, such as voice, text, picture and the like, in a
digital communication system, such as the integrated
services digital network (ISDN).

2. Description of the Related Arts

In general, during the operation of a switching appa-
ratus of a switching network of the asynchronous trans-
fer mode, first, a signal is preliminarily sent to a decoder
for the input interface board in the path inspection con-
trol device and the control of a central processing unit,
and a first input line is connected to the test side. In the
first test cycle period, comparison data is set in the
comparison data register in the path inspection control
device; output line data is set in the output line data
register; a signal is sent to the decoder for the output
interface board; the line of the output line data is con-
nected to the test side, and cell data is set in the register
for the header and information. The cell data is made to
be a cell for path inspection, and the produced cell for
path mspection is delivered. If the operation of the
switching apparatus of a switched network of the asyn-
chronous transfer mode is normal, the cell for path
inspection passes through the first path and is latched in
a latch member. The data of the latch member and the
data of the comparison data register are compared in a
comparator, and, if the data coincide, a signal indicating
normality 1s sent to the central processing unit.

In the second test cycle period, comparison data is set
in the comparison data register, the second output line
data 1s set in the output line data register; a signal is sent
to the decoder for the input interface board; the second
output line of the interface board is connected to the test
side, and a cell data is set in the register for header and
information. The cell data is delivered as a cell for path
inspection by the cell generation member, and, if the
operation of the switching apparatus for a switched
network of the asynchronous transfer mode is normal,
the cell for path inspection passes through the second
path, and is latched in the latch member. The content of
the latch member and the content of the comparison 50
data register are compared by the comparator, and, if
the content of the latch member and the content of the -
comparison data register coincide, the normality signal
1s sent to the central processing unit.

In a similar manner, the processes are carried out up
to the n-th test cycle period.

After that, a signal is sent to the decoder for the input
interface board by the central processing unit; the sec-
ond input line of the interface board is connected to the
test side, and the processes of the first test cycle period
to the n-th test cycle period are similarly carried out.
After that, the similar processes of test are carried out
until the n-th input line of the interface board is con-
nected to the test side, and accordingly, the process of
Inspection is completed.

Thus, in the prior art switch apparatus for a switched
network of the asynchronous transfer mode, the time
required for the inspection of the entire paths is ex-
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tended to n?Xt, where the time of the process of one
test cycle period is t.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an
improved switching apparatus for a switched network
of the asynchronous transfer mode in which the “n”
path information is designated simultaneously from the
outside; the function of the paths of the switching net-
work of the asynchronous transfer mode is inspected in
a parallel manner, and the “n” paths are capable of
changing automatically in accordance with predeter-
mined time signals, so that the inspection of the entire
paths can be carried out at a considerably high speed.

In accordance with the present invention, there is
provided a switching apparatus for a switched network
of the asynchronous transfer mode including an input
interface board adapted to receive cells for path inspec-
tion; a switching network connected to the input inter-
face board for switching the transmissions of the cells
for path inspection in accordance with external routing
mnformation; an output interface board connected to the
switching network for delivering the cells for path in-
spection received from the switching network: and a
path mspection control device connected to the input
interface board, the switching network, and the output
interface board for controlling the path inspection
through the input interface board, the switching net-
work, and the output interface board. The operation of
the path inspection control device is adapted such that,
cells for path inspection are supplied parallel to the
input interface board; routing information is supplied to
the switching network; the transmissions of the cells for
path inspection are simultaneously switched accord-
ingly; the cells for path inspection are delivered in par-
allel formation from the output interface board; the cells
for path inspection delivered from the output interface
board are compared with predetermined comparison
data, and the routing information and the cells for path
inspection or the comparison data are changed in syn-
chronization with predetermined time signals.

In accordance with the present invention, there is
also provided a switching apparatus for a switched
network of the asynchronous transfer mode including
an input interface board adapted to receive a cell for
path inspection; a switching network connected to the
input interface board for switching the transmissions of
the cells for path inspection simuitaneously in accor-
dance with destination information of the cells for path
inspection; an output interface board connected to the
switching network for delivering the cells for path in-
spection received from the switching network, and a
path inspection control device connected to the input
interface board and the output interface board for con-
trolling the path inspection through the input interface
board and the output interface board. The operation of
the path inspection control device is adapted such that
cells for path inspection are supplied parallel to the
input interface board; the cells for path inspection are
delivered in parallel formation from the output interface
board; the celis for path inspection thus supplied and
thus delivered are compared and inspected with respect
to predetermined comparison data, and the cells for

path inspection are changed in synchronization with
predetermined time signals.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an example of the pattern of a cell used
for the general switched network of the asynchronous
transfer mode;

FIG. 2 illustrates the operation of the path inspection
control of the asynchronous transfer mode in a prior art
switching apparatus for a switched network of the asyn-
chronous transfer mode;

FIGS. 3 and 3A-3B are a schematic diagram of a
switching apparatus for a switched network of the asyn-
chronous transfer mode according to an embodiment of
the present invention;

FIGS. 4 and 4A—4C show an example of the struc-
tures of the routing information generation member, the
cell generation member, the cell inspection member,
and the central processing unit used for the path inspec-
tton control device in the apparatus of FIG. 3;

FIGS. 5 and SA-3B are a flow chart of the operation
of the path inspection control in the apparatus of FIG.
3;

FIG. 6 1llustrates the operation of the path inspection
control of the asynchronous transfer mode in the appa-
ratus of FIG. 3:

FIG. 7 illustrates an example of the sequence of the
generation of the data in the path inspection control
device;

FIG. 8 1llustrates another example of the sequence of
the generation of the data in the path inspection control
device; and

FIGS. 9 and 9A-9B are a schematic diagram of a
switching apparatus for a switched network of the asyn-
chronous transfer mode according to another embodi-
ment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Betore describing preferred embodiment, a prior art
switching apparatus of a switched network of the asyn-
chronous transfer mode for digital communication is
explained with reference to FIGS. 1 and 2. In general,
in the switched network of the asynchronous transfer
mode, a block of information is called a “cell” and has
a predetermined fixed length consisting of the header
and the data field (“information™). The signal transmis-
sion in the network is carried out in a multiplexed man-
ner, using the cell as a unit, in accordance with the
logical channel number indicated in the header of the
cell.

A prior art switching apparatus of a switched net-
work of the asynchronous transfer mode for digital
communication comprises an input interface board
through which a cell for path inspection (OAM) is
capable of being inserted; a switching network of the
asynchronous transfer mode, connected to the input
interface board for switching the transmission of the
cell 1n accordance with a virtual path identifier (VPI);
an output interface board, connected to the switching
network, for delivering the cell received from the
switching network; and a path inspection control de-
vice connected to the input interface board, the switch-
ing network and the output interface board, for control-
ling the inspection of the path of the cell. The path
inspection control device includes a virtual path identi-
fier transformation member, a central processing unit, a
latch member, a comparator, a cell generation member,
a decoder for the input interface board, a decoder for
the output interface board, a register for registering the

10

15

20

25

30

35

45

50

35

65

4

header and the information of the path inspection cell, a
register for registering the output line data concerning
the path inspection cell, and a register for registering
comparison data corresponding to the generated path
inspection cell. |

The operation of the prior art switching apparatus of
a switched network of the asynchronous transfer mode
for a digital communication is as follows. First, a signal
is preliminarily sent to the decoder for the input inter-
face board under the control of a central processing
unit, and a first input line 1s connected to the test side. In
the subsequent first test cycle period T;, a comparison

~data HP(1, 1) is set in the comparison data register;

output line data OP(1) is set in the output line data
register; a signal is sent to the decoder for the output
interface board; the line of the output line data OP(1) is
connected to the test side, and a cell data HP(1, 1) is set
in the register for the header and information. The sym-
bol HP(1, 1) represents that the destination indicated in
the header 1s “1”, 1.e., OP(1), and the data is “1”.

The cell data HP(1, 1) is made to be a cell for path
inspection (OAM) in a cell generation portion, and the
produced cell for path inspection is delivered. If the
operation of the switching apparatus of a switched net-
work of the asynchronous transfer mode is nodal, the
cell for path inspection passes through path (1) and is
latched in the latch member. The data of the latch mem-
ber and the data of the comparison data register are
compared in the comparator, and, if the two data coin-
cide, a signal indicating normality is sent to the central
processing unit.

In the next test cycle period T, comparison data
HP(2, 2) is set in the comparison data register; output
line data OP(2) 1s set in the output line data register; a
signal 1s sent to the decoder for the input interface
board; output line OP(2) of the interface board is con-
nected to the test side, and a cell data HP(2, 2) is set in
the register for header and information. The symbol
HP(2, 2) represents that the destination indicated in the
header H is “2”, i.e. OP(2), and the data is “2”.

The cell data HP(2, 2) is delivered as a cell for path
inspection (OAM) by the cell generation member, and,
if the operation of the switching apparatus of a switched
network of the asynchronous transfer mode 1s normal,
the cell for path inspection passes through path (2), and
is latched in the latch member, The content of the latch
member and the content of the comparison data register
are compared by the comparator and, if the content of
the latch member and the content of the comparison
data register coincide, the signal indicating normality is
sent to the control processing unit.

In a similar manner, the processes are carried out up
to test cycle period T,. After that, a signal is sent to the
decoder for the input interface board by the central
processing unit; an input line IP(2) of the interface
board 1s connected to the test side, and the processes of
test cycle periods T to T, are carried out similarly as
described above. After that, the similar test processes
are carried out until an mput line IP(n) of the interface
board is connected to the test side, and accordingly the
process of inspection is completed. Thus, in the prior
art, the time required for the inspection of the entire
number (n) of paths is extended to n2 X t, where the time
of the process of one test cycle period is t.

A switching apparatus for a switched network of the
asynchronous transfer mode according to an embodi-
ment of the present invention is shown in FIGS. 3A and
3B. The switching apparatus comprises an interface
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board 1 having a sequence of switches 11, 12, ... 1n, a
switching network 2 of the asynchronous transfer
mode; an output interface board 3 having a sequence of
switches 31, 32, . . . 3n,and a path inspection control
device 4 having a central processing unit 41, a cell gen-
eration member 42, a cell inspection member 43, a de-
coder 44 for switch control, another decoder 45 for
switch control, a routing information generation mem-
ber 46, and a virtual path identifier transformation mem-
ber 47.

In the mput interface board 1, a cell for path inspec-
tion can be supplied through each of the input lines (1),
(2) ... (n). In the switching network 2 of the asynchro-
nous transfer mode, the switching of the transmission of
the cell is carried out. In the output interface board 3, a
cell for path inspection can be delivered through each
of the output lines (1), (2), . . . (n).

In the virtual path identifier transformation member
47, the output line data concerning the cell is trans-
formed into the virtual path identifier (VPI) as the rout-
ing information. In the routing information generation
member 46, routing information concerning the celis for
path inspection generated in the cell generation member
42 1s generated and the content of the routing informna-
tion changes in synchronization with a predetermined
time signal (C+1).

‘The decoder 45 for switch control causes a part or all
of the output lines (1), (2), . . . (n) to be connected to the
test side. The decoder 44 for switch control causes a
part or all of the input hines (1), (2), . . . (n) to be con-
nected to the test side. |

In the cell inspection member 43, comparison data
concerning the cells for path inspection generated in the
cell generation portion 42, is generated and the content
of the routing information changes in synchronization
with a predetermined time signal (C+1).

An example of the structures of the routing informa-
tion generation member 46, the cell generation member
42, the cell inspection member 43, and the central pro-
cessing unit 41 used for the path inspection control
device 4 in the apparatus of FIGS. 3A and 3B is shown
in FIGS. 4A to 4C.

The cell generation member 42 comprises a decoder
421, a register circuit 422, a counter 423, and a barrel
shift circuit 424. In the register circuit 422, beginning
data HP(1, 1), HP(2, 2), . . . HP(n, n) for generating in
the register designated by the decoder 421, are succes-
sively registered. In the counter 423, predetermined
time signals (C+1) are counted. In the barrel shift cir-
cuit 424, the beginning data HP(1, 1), HP(2, 2), . . .
HP(n, n) from the register circuit 422 are barrel shifted
in accordance with the output of the counter 423 and
the barrel shifted data are delivered.

The routing information generation member 46 is
constituted by a decoder 461, a register circuit 462, a
counter 463, a barrel shift circuit 464, and a register
circuit 465. In the register circuit 462, beginning data
OP(1), OP(2), . . . OP(n) are successively registered into
registers designated by the decoder 461. In the register
circuit 465, beginning data IP(1), IP(2), . . . IP(n) are
successively registered into registers designated by the
decoder 461. In the counter 463, predetermined time
signals (C+41) are counted. In the barrel shift circuit
464, the beginning data OP(1), OP(2), . . . OP(n) from
the register circuit 462 are barrel shifted in accordance

with the output of the counter 463 and the barrel shifted
data are delivered.
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The cell inspection member 43 is constituted by a
latch circuit 431, an AND gate 432, a data multiplexer
433, a comparator 434, a data multiplexer 435, a counter
436, a barrel shift circuit 437, a decoder 438, and a regis-
ter circuit 439. In the register circuit 439, beginning data
HP(1, 1), HP(Q2, 2), . . . HP(n, n) for comparison are
successively registered into registers designated by the
decoder 438. In the counter 436, predetermined time
signals (C+1) are counted. In the barrel shift circuit
437, beginning data HP(1, 1), HP(2, 2), . . . HP(n, n) for
comparison are barrel shifted in accordance with the
output of the counter 436, and the barrel shifted data are
output. In the AND gate 432, the latching of all of the
path inspections in the latch circuit 431, is detected.

A flow chart of the operation of the path inspection
control in the apparatus of FIGS. 3A and 3B are shown
in FIGS. 5A and 5B. First, all input lines (1) through (n)
of the input interface board 1 and all output lines (1) to
(n) of the output interface board 3 are connected to the
test side (S101). The beginning data HP(1, 1) through
HP(n, n) for comparison are set in the cell inspection
member 43 (S102). The beginning data IP(1) through
IP(n) and OP(1) through OP(n) are set in the routing
information generator member 46 (S103). The begin-
mng data HP(1, 1) through HP(n, n) of the cell for path
inspection are set in the cell generation member 42
(S104). Count 1 is set in a counter for counting the
number of inspections (S105). Synchronization signals
(T) are generated (S106). Thus, the cells for path inspec-
tion HP(1, 1) through HP(n, n) are generated in the cell
generation member 42, are switched in the asynchro-
nous transfer mode in accordance with the beginning
data “IP(1) to OP(1)”, “IP(2) to OP(2)”, . .. “IP(n) to
OP(n)”, and are received by the cell inspection member
43

The decision by the central processing unit 41 deter-
mining whether or not the receipt of all cells is com-
pleted, is carried out (§S107). The scanning of the cells
by the data multiplexer 433 and comparisons of the cells
by the comparator 454 is carried out (S108). The resuits
of the comparison are stored in a storage (S109), and the
decision determining whether or not C=n is carried out
(S110). If the decision is NO, the count C of the counter
1s incremented by 1 (S111), and the process returns to
step S106. A predetermined time signal (C+1) is gener-
ated under the control of the central processing unit 41
and 1s supplied to the cell generation member 42, the
routing information generation member 46, and the cell
inspection member 43, and accordingly the output line
data and the cell for path inspection or the comparison
data change. If the decision is YES, the result of the
inspection is evaluated (S112). If the result of the evalu-
ation indicates “ABNORMAL”, the abnormality is
displayed (S114), but if the result indicates “NOR-
MAL”, the process of the path inspection is completed.

The operation of the path inspection control of the
asynchronous transfer mode in the apparatus of FIG. 3
is illustrated in FIG. 6. In each of the test cycle periods
T1, T2, ... T, the inspections by n cells for path inspec-
tion are simultaneously carried out. Pressing the time of
the process of one test cycle period is “t”, only time
“nt”1s needed for carrying out the inspection of all
paths. Thus, the time needed for all paths is significantly
reduced.

An example of the sequence of the generation of the
data in the path inspection control device is illustrated
in FIG. 7, and another example is illustrated in FIG. 8.
In the case of FIG. 7, in a cycle period T}, the corre-
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spondence between the input line data and the output
line data is “IP(1) to OP(1)”, “IP(2) to OPQ2)”, . . .
“IP(n) to OP(n)”, and accordingly the cell data gener-
ated in the cell generation member are HP(1, 1), HP(2,
2), ... HP(n, n). In cycle period T2, the correspondence
between the input line data and the output line data is
“IP(1) to OP(2)”, “IP(2) to OP3)”, . . . “IP(n) to
OP(1)”, and accordingly the data are barrel shifted to
HP(2, 2), HP(@3, 3), . . . HP(n, n), HP(1, 1). In cycle
period Tn, the correspondence between the input line
data and the output line data is “IP(1) to OP(n)”, “IP(2)
to OP(1)”, . .. “IP(n) to OP(n-1)”, and accordingly the
data are barrel shifted to HP(n, n), HP(1, 1), . . . HP(n-1,
n-1). The comparison data in the cell inspection member
need not be changed.

In the case of FIG. 8, in cycle period Tj, the corre-
spondence between the input line data and the output
line data is “IP(1) to OP(1)”, “IP(2) to OP(2)”, . . .
“IP(n) to OP(n)”, and accordingly the comparison data
may be HP(1, 1), HP(Z, 2), . . . HP(n, n). In cycle period
T2, the correspondence between the input line data and
the output line data is “IP(1) to 0P(2)”, “IP(2) to 0P(3)”,
... “IP(n) to OP(1)”, and accordingly the comparison
data are barrel shifted to HP(n, n), HP(1, 1), . . . HP(n-1,
n-1). In cycle period T, the correspondence between
the input line data and the output line data is “IP(1) to
OP(n)”, “IP(2) to OP(1)”, . . . “IP(n) to OP(n-1)”, and
accordingly the comparison data are barrel shifted to
HP(2, 2), HP@, 3), . . . HP(n, n), HP(, 1). The data
generated 1n the cell generation member need not be
changed.

A switching apparatus for a switched network of the
asynchronous transfer mode according to another em-
bodiment of the present invention is shown in FIGS. 9A
and 9B. The switching apparatus comprises an interface
board 1 having a sequence of switches 11,12, ... 1n, a
switching network 2 of the asynchronous transfer mode
having a cross switch device 21 and a virtual path iden-
tifier transformation member 22, an output interface
board 3 having a sequence of switches 31, 32, ... 3n, and
a path inspection control device 4 having a central
processing unit 41, a cell generation member 42, a cell
inspection member 43, a decoder 44 for switch control
and another decoder 45 for switch control.

In the virtual path identifier transformation member
47, the output line data in the cell for path inspection is
transformed into the virtual path identifier. In the
switching network 2 of the asynchronous transfer
mode, the cell for path inspection is changed in accor-
dance with the destination information in the cell for
path inspection.

In the switching apparatus of FIGS. 9A and 9B, the
cells generated in the cell generation member 42 are led
to the corresponding output lines and only by changing
the generated cells are changed in accordance with the
manner shown in FIG. 7, without the designation of the
path of the switching network 2 of the asynchronous
transfer mode from outside.

claim:

1. A switching apparatus for a switched network
operable in an asynchronous transfer mode comprising:

an 1nput interface board adapted to receive cells for

path inspection and having a sequence of switches;

a switching network connected to said input interface

board and having switching circuits for switching
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the transmissions of the cells for path inspection in
accordance with external routing information;

an output interface board connected to said switching

network and having a sequence of switches for
delivering the cells for path inspection received
from said switching network; and

a path inspection conirol device connected to said

input interface board, said switching network and
said output mterface board for controlling the path
inspection through said input interface board, said
switching network and said output interface board,
said path inspection control device operating such
that cells for path inspection are supplied in parallel
to said input interface board, routing information is
supplied to said switching network, the transmis-
sions of the cells for path inspection are delivered
in parallel formation from said output interface
board, the cells for path inspection delivered from
said output interface board are compared with
predetermined comparison data and the routing
information and the cells for path inspection or the
comparison data are changed in synchronization
with predetermined time signals, the cells for path
inspection being scheduled and the scheduled cells
for path inspection being passed in parallel from
the input side to the output side, in order to confirm
the normalness of the switching functions of all the
sequences of switches and switching circuits.

2. A switching apparatus according to claim 1,
wherein the routing information and the cells for path
inspection or the comparison data are changed through
a barrel shift process by said path inspection control
device.

3. A switching apparatus for a switched network
operable 1n an asynchronous transfer mode comprising:

an input interface board adapted to receive a cell for

path inspection and having a sequence of switches;

a switching network connected to said input interface

board and having switching circuits for switching
the transmissions of the cells for path inspection
simultaneously in accordance with destination in-
formation of the cells for path inspection;

an output interface board connected to said switching

network and having a sequence of switches for
delivering the cells for path inspection received
from said switching network; and

a path mspection control device connected to said

input interface board and said output interface
board for controlling the path inspection through
said input interface board and said output interface
board, wherein said path inspection control device
operates such that cells for path inspection are
supplied in parallel to said input interface board,
the cells for path inspection are delivered in paral-
lel formation from said output interface board, the
cells for path inspection thus supplied and thus
delivered are compared and inspected with respect
to predetermined comparison data and the cells for
path inspection are changed in synchronization
with predetermined time signals, the cells for path
inspection being scheduled and the scheduled cells
for path inspection being passed in parallel from
the mput side to the output side, in order to confirm
the normalness of the switching functions of all the

sequences of switches and switching circuits.
* * % * %
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